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Field trials were conducted to investigate the influence of P application method on
the critical period of smooth pigweed and common purslane interference in lettuce.
Studies were carried out in low-P histosols, where supplemental P fertilization is
needed for lettuce production. Phosphorus was either broadcast or banded 5 cm
beneath the lettuce rows at rates of 250 or 125 kg ha21, respectively. Seedlings of
either smooth pigweed or common purslane were transplanted at a density of 16
plants per 5.4 m2 (6-m row by 0.9 m wide). Weed interference duration was achieved
by manual removal 2, 4, 6, or 8 wk after lettuce emergence and subsequently keeping
the plot weed free until harvest. A weed-free control within each P regimen was also
established. Marketable head number, head fresh yield, and head diameter were
measured at harvest. Weed-free lettuce fresh yield was 20% higher with banded P
than broadcast applications. In the weed–lettuce mixtures, the P regimen by weed
removal interaction affected lettuce fresh yield and head diameter but not head
number. Compared with broadcast P application, banded P extended the time need-
ed to cause significant weed interference in lettuce by 10 d: from 24 to 34 d for
smooth pigweed and from 37 to 47 d for common purslane.

Nomenclature: Common purslane, Portulaca oleracea L. POROL; smooth pig-
weed, Amaranthus hybridus L. AMACH; lettuce, Lactuca sativa L.

Key words: Critical period, interference, integrated weed management.

Phosphorus (P), an important macroelement for plants,
is a relatively immobile nutrient in soils (Sample et al.
1980), including histosols, which require high P applica-
tions because soil P is mostly unavailable to crops (Hoch-
muth et al. 1994; Sample et al. 1980). In Florida, more
than 80% of the lettuce production is concentrated in the
Everglades Agricultural Area (EAA) (FASS 1998). Because
most lettuce is grown in muck soils, high P rates are essential
to satisfy crop requirements. However, weeds are often more
competitive than crops in absorbing nutrients, particularly
P, which requires a profuse root system to enhance uptake
(DiTomaso 1995, Tilman 1982). Therefore, P placement in
the soil plays a significant role in the extent and nature of
competitive interactions between weeds and crops.

Some of the most important weeds in the EAA are com-
mon purslane and pigweeds (Dusky and Stall 1988). When
allowed to interfere with lettuce, smooth pigweed and com-
mon purslane could reduce lettuce yields by 24 and 48%,
respectively (Santos et al. 2003). However, the nature and
extent of interference of these weeds with lettuce under dif-
ferent P regimens and rates is little understood. Previous
research has shown that changes in P fertilization regimens
could change potential lettuce yield reductions due to these
two weeds (Santos et al. 1997, 1998). At the same time,
public pressure to reduce use of P in agricultural fields,
where potential water table pollution may occur (Winde-
muller et al. 1997), has prompted researchers to devise new
weed management strategies. This is particularly true for
lettuce fields, where typical weed control methods are hoe-
ing and cultivation, which are expensive and may damage
crop roots.

The extent of crop yield reduction that a weed causes is
a function of the duration of the weed–crop interaction
(Martin et al. 2001; Radosevich 1987; Zimdahl 1980). Pre-
vious studies have shown that fertilizer placement and rates
have an impact on the critical period of weed interference
(Alkamper 1976; Sindel and Michael 1992). For instance,
Rasmussen (1995) determined that banding N or P reduced
downy brome (Bromus tectorum L.) competition in wheat
(Triticum aestivum L.). Fertilizer placement and rates can
also affect crop biomass accumulation and yield. Izuno et
al. (1995) showed that banding only 50% of the recom-
mended broadcast P rate did not cause cabbage (Brassica
oleracea var. capitata L.) yield reduction. In organic soils,
Shrefler et al. (1994) found that the duration of spiny am-
aranth (Amaranthus spinosus L.) interference in lettuce in-
creased with broadcast P, in contrast with reduced effects in
banded P applications. Sanchez et al. (1990) demonstrated
that banding only 33% of the recommended broadcast P
maximized lettuce yield. This recommendation for soils with
low-P content (# 3.0 mg P L21) is between 200 and 250
kg P ha21. However, after continuous testing under grower
conditions, banding 50% of the recommended broadcast P
at planting was suggested instead of 33% (Bottcher et al.
1992; Hochmuth et al. 2002).

The influence of P fertilization regimens on smooth pig-
weed and common purslane length of interference in lettuce
has not been reported previously. This knowledge might
help researchers and growers to devise environmentally
sound strategies to reduce weed population in lettuce and
the control costs. Therefore, the objective of this research
was to investigate the influence of method of P application
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TABLE 1. Comparison of lettuce head fresh yield and head diameter in the weed-free controls within each phosphorus (P) fertilization
regime.

Study
P

application P rate Fresh yielda Head diameter

kg P ha21 t ha21 cm

Lettuce–smooth pigweed

Lettuce–common purslane

Broadcast P
Banded P
Broadcast P
Banded P

250
125
250
125

19 a
23 b
19 a
23 b

14.2 a
14.8 b
14.1 a
14.5 b

a Means within each lettuce–weed species study separated with t-Student test (P , 0.05). Means followed by the same letter do not significantly differ
at the 5% level.

on the critical period of smooth pigweed and common purs-
lane interference in lettuce.

Materials and Methods

The influence of initial removal times of smooth pigweed
and common purslane on lettuce marketable fresh yield was
assessed under field conditions at the Everglades Research
and Education Center (EREC) of the University of Florida
in Belle Glade, FL. Two field studies were conducted be-
tween October–December 1997 and January–April 1998.
During each season, two separate experiments were con-
ducted for each weed. The EREC soils were classified as
Pahokee muck (Euic hyperthermic Lithic Medisaprist), low
in P content as revealed by water-extractable P tests (3.0 mg
P L21), which is too low for lettuce production (Hochmuth
et al. 1994; Sanchez 1990). Average day/night temperatures
were 28/17 C. Organic matter content was about 75%, as
determined by dry combustion, and the soil pH was 6.3.
After soil test analysis and recommendations that showed
severe P deficiencies in the selected fields, two P rates (125
and 250 kg P ha21) were either broadcast throughout the
whole field or banded 5 cm beneath each lettuce row. Po-
tassium (K) was broadcast 10 d before bed pressing at a rate
of 160 kg K ha21. On the basis of soil analysis and site
recommendations (Hochmuth et al. 1994), application of
other plant nutrients was unnecessary. During the trials, wa-
ter was supplied continuously with subsurface irrigation,
maintaining the water table approximately 60 cm below the
soil surface (Izuno et al. 1995; Maynard et al. 2002).

Following local lettuce growing practices, two rows of
‘South Bay’ crisphead lettuce were directly seeded on 0.9 m-
wide beds, with 30 cm between lettuce rows. One week after
crop emergence, lettuce was thinned to 30 cm within row
spacings. Ten days before lettuce planting, smooth pigweed
and common purslane seeds were sown in styrofoam mul-
ticell trays (24 cm3 cell21) and grown until they reached the
two-true leaf stage, approximately 10 d after seeding. Weed
seedlings (approximately 5 cm tall) of either smooth pig-
weed or common purslane were uniformly transplanted be-
tween the two lettuce rows at a density of 16 plants per 5.4
m2 (6-m-long plots by 0.9 m wide). The weed density and
the distribution pattern were chosen on the basis of prelim-
inary trials and field observations that suggested that inter-
ference occurs under those conditions. Duration of interfer-
ence was achieved by removing the weeds 2, 4, 6, or 8 wk
after lettuce emergence. In each lettuce–weed study, there
were two weed-free treatments, corresponding to each P reg-
imen. Unplanted weeds between bed rows were removed by

hoeing whereas those on the planting beds were removed by
hand.

A split-plot design was used, with P regimens (250 and
125 kg P ha21 for the broadcast and banded practices, re-
spectively) as the main plots and weed removal times as the
subplots. Four replications were established. The central
50% of the surface area of each experimental unit was har-
vested when lettuce plants in weed-free controls reached ma-
turity on the basis of head firmness, size, and appearance
(USDA 1985). Outermost wrapping leaves were removed
and discarded before weighing the heads. Marketable lettuce
head number, head fresh yield, and head diameter were ob-
tained at harvest, which occurred at 60 d after the weeds
were transplanted. Head diameter was measured to deter-
mine lettuce head quality. To isolate the effect of P fertil-
ization regimens on lettuce fresh yield and head diameter,
the weed-free controls within each study were compared
with a Student’s t test at the 5% significance level. Data for
each lettuce–weed study were subjected to analysis of vari-
ance (ANOVA) at the 5% significance level (P # 0.05) to
test for single factor effects and interactions (SAS 1990).
Because no significant treatment by trial interactions were
found, data from the two trials were combined for analysis
purposes. Lettuce fresh yield and head diameter were ex-
pressed as percentages of the weed-free control for each
P regimen. The relationship between weed removal times
and each variable was described with the following logistic
model,

y 5 c 1 d/(1 1 exp(2a 1 bx)) [1]

where y is the relative yield as a percentage of the weed-free
control, x is the duration of interference, a and b are the
parameters that determine the shape of the curve, and c is
the lower asymptote (Halford et al. 2001; Martin et al.
2001).

Results and Discussion

Smooth Pigweed–Lettuce Studies

Phosphorus fertility regimen and removal time interac-
tively (P , 0.05) affected lettuce fresh yield and head di-
ameter but not marketable head number (data not shown).
In the weed-free controls, banding P at a rate of 125 kg P
ha21 increased lettuce fresh yield and head diameter in com-
parison with the broadcast P weed-free treatment (Table 1).
These differences were approximately 20 and 4% for lettuce
fresh yield and head diameter, respectively. Therefore, band-
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FIGURE 1. Influence of phosphorus (P) application method on smooth pigweed (AMACH) interference in lettuce: effect on lettuce relative yield and head
diameter. Equations for lettuce fresh yield are: y 5 77.9 1 22.2/1 1 e (21210.50x), r 2 5 0.91; and y 5 70.2 1 30.1/1 1 e (27.510.21x), r 2 5 0.96, for
broadcast and banded P, respectively. Equations for head diameter are: y 5 94.0 1 6.3/1 1 e (26.310.18x), r 2 5 0.90; and y 5 94.2 1 6.0/1 1 e (26.310.18x),
r 2 5 0.94, for broadcast and banded P, respectively.

ing P at 125 kg P ha21 increased lettuce yield and quality
in the absence of weed interference.

For lettuce fresh yield losses, two distinctive trends char-
acterized the lettuce response as related to smooth pigweed
duration of interference. For broadcast P, lettuce yield re-
ductions remained relatively unchanged for 14 d after trans-
planting (DAT). However, there was a rapid decrease in
yield between 14 and 28 DAT, which stabilized thereafter.
The fitted logistic equation for broadcast P was y 5 77.9 1
22.2/1 1 e (21210.50x). The highest predicted lettuce yield
loss reached approximately 22% at 28 DAT. In contrast,
lettuce yield reduction under banded P declined slowly with
time (Figure 1). The equation y 5 70.2 1 30.1/1 1
e (27.510.21x) represented the relationship between smooth
pigweed removal time and lettuce yield loss. Within this P
regimen, maximum yield loss was about 30% at 56 DAT.
As reflected by the r 2 values, both equations explained the
majority of the variability (91 and 96% for broadcast and
banded P, respectively) of the studies within the range of
length of interference tested. On the basis of the regression
equations for each P regimen and considering a critical fresh
yield loss of 5%, this level is predicted to occur at 24 DAT
in the broadcast P trials, whereas this period increased to
34 DAT in the banded P situations.

For lettuce head diameter, the equation for broadcast P
was similar to that for lettuce fresh yield, with no significant
changes during the first 14 d, dropping abruptly for the next
14 d (Figure 1). This decline in head diameter represented
approximately 4% at 28 DAT. No change was observed
thereafter. For banded P, head diameter decreased slowly,
with a maximum reduction of about 6% at 56 DAT. The
regression equation for lettuce head diameter in broadcast
and banded P were y 5 94.0 1 6.3/1 1 e (26.310.18x) and y
5 94.2 1 6.0/1 1 e (26.310.18x), respectively. In both cases,

the models explained 90 and 94% of variability. If a critical
head diameter reduction of 2% is assumed, the smooth pig-
weed removal time increased from 20 to 35 DAT when
banded replaced broadcast P. Because the number of mar-
ketable lettuce heads was not affected by removal time of
this weed, the effect of duration of smooth pigweed inter-
ference on the crop was manifested as weight reduction of
individual lettuce heads. This is an indication of quality
reduction because small lettuce heads will have reduced head
diameters caused by diminished fresh yield. Under the con-
ditions of these experiments, banded P at 125 kg ha21 re-
sulted in enlarged head diameters within each removal time
compared with broadcast P treatments.

These findings suggest that banding P may have three
distinctive benefits. First, banding P reduced the negative
impact of smooth pigweed interference on lettuce by length-
ening the time frame before control measures must be im-
plemented. This situation might provide lettuce growers
with more schedule flexibility for weed management. Sec-
ond, it appears that banding P gives lettuce an additional
advantage to absorb necessary P amounts before smooth pig-
weed interference becomes critical. This indication is sug-
gested by the fact that in the weed-free treatments, lettuce
produced more with banded than with broadcast P. Finally,
the results confirmed that P rates could be reduced by 50%
without affecting the crop, with the consequent environ-
mental benefit of less groundwater P pollution.

Common Purslane–Lettuce Studies

There was significant P fertility regimen by common
purslane removal time interaction (P , 0.05) observed for
lettuce fresh yield and head diameter. The number of mar-
ketable lettuce heads per treatment was not affected by ei-
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FIGURE 2. Influence of phosphorus (P) application method on common purslane (POROL) interference in lettuce: effect on lettuce relative yield and head
diameter. Equations for lettuce fresh yield are: y 5 73.8 1 25.9/1 1 e (217.910.47x), r 2 5 0.90; and y 5 64.3 1 35.9/1 1 e (222.910.45x), r 2 5 0.88, for
broadcast and banded P, respectively. Equations for head diameter are: y 5 96.4 1 3.9/1 1 e (214.110.42x), r 2 5 0.91; and y 5 96.7 1 5.2/1 1 e (28.510.17x),
r 2 5 0.93, for broadcast and banded P, respectively.

ther P fertility regimens or removal times (data not shown).
In the weed-free situations, lettuce head fresh yield and head
diameter were 19 and 3% higher when banding 125 kg P
ha21 than with the broadcast P rate (Table 1).

Both P regimens caused no significant changes in com-
mon purslane duration of interference during the first 28 d
(Figure 2). However, between 28 and 42 DAT, there was a
27% decrease in lettuce fresh yield in the broadcast P situ-
ation. This level of yield reduction remained unchanged for
the rest of the season. In contrast, the banded P treatments
did not cause fresh yield changes up to 42 DAT, but yield
dropped sharply thereafter. The relationship between com-
mon purslane removal time and lettuce fresh yield was de-
scribed by the equations y 5 73.8 1 25.9/1 1 e (217.910.47x),
and y 5 64.3 1 35.9/1 1 e (222.910.45x), for broadcast and
banded P, respectively. If a critical yield loss of 5% were
assumed, this level would be reached at 37 and 47 DAT for
broadcast and banded P, respectively.

No significant lettuce head diameter reduction due to
common purslane interference was observed during the first
28 d, regardless of the P regimen used (Figure 2). However,
after 28 DAT, the two regression curves expressed differently
the relationship between head diameter losses and common
purslane removal times. Whereas the curve for broadcast P
declined abruptly between 28 and 42 DAT, the one for
banded P showed a negligible change during this period.
The highest head diameter loss due to season-long interfer-
ence of common purslane reached approximately 4% for
both P regimens. If a critical head diameter reduction of 2%
is considered, the common purslane length of interference
increased from 35 to 50 DAT when banded replaced broad-
cast P. As observed in smooth pigweed, common purslane
interference reduced lettuce fresh yield and head diameter,
without affecting the number of commercial heads pro-

duced. Banding P increased yield and quality in comparison
with broadcast P treatments.

The results indicate that modifications in P fertilization
practices, including P rate reductions, altered the critical pe-
riod of interference of both weeds. These findings along
with others previously reported (Santos et al. 1997) support
the theory that banding P changes the nature of the com-
petitive interactions of smooth pigweed–lettuce and com-
mon purslane–lettuce associations to the advantage of the
lettuce crop. There are two possible explanations for the
increased time frame necessary to reduce lettuce yield: (1)
banding concentrated P closer to the lettuce rooting system,
causing an increase in lettuce competitiveness, therefore re-
ducing the negative impact of the weeds, and (2) banding
allowed lettuce to absorb larger P amounts at early stages
before weed roots extended to the nutrient location. These
results agree with those described by Rasmussen (1995) and
Shrefler et al. (1994), where banding fertilizer lengthened
the time frame necessary for weeds to reduce yield in com-
parison with broadcast treatments. Further studies should
focus on determining the specific mechanisms of interfer-
ence of these weeds on lettuce as affected by P rates.
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